Catfish is one of the most popular freshwater fish for human consumption throughout the world. It is rich in lipids and a good source of unsaturated FA, including n-3 FA that have a positive impact on human health.
The lipid content and FA composition in catfish are affected by various factors such as their environment (1) , size of fish (2) , species (3), tissue (4) , and diet (5) . Lipid contents of fatty saltwater fish such as mackerel and menhaden vary by season (6,7) but minimal seasonal variation of lipid content and FA composition in catfish has been reported (2, 8) .
Although only catfish muscle is generally acceptable as human food, whole fish including viscera can be used in the manufacture of fish paste or extraction of fish oil to increase yields. Viscera of catfish, including digestive tract, liver, gallbladder, and storage fat, are potential sources of lipids with higher n-3 FA content; Choi et al. (4) reported that viscera of catfish contained more lipids and PUFA than muscle. Sathivel et al. (9) analyzed the FA composition of crude oil recovered from whole viscera, which constituted approximately 14% by weight (wet basis) of a live catfish, and each component of the viscera and reported that total unsaturated FA in visceral oil amounted to 261.3 mg/g (dry basis) compared with that of fillet (259.3 mg/g).
Lipids in fish are generally susceptible to oxidation owing to their high degree of unsaturation. Once viscera are combined with fish muscle, the mixture may experience accelerated lipid oxidation. More severe lipid hydrolysis of muscle also is expected when viscera are included. Hwang and Regenstein (7) reported that ascorbic acid was a very effective antioxidant in minced menhaden along with lowtemperature storage and vacuum packaging. According to Hwang and Regenstein (10) , lipid hydrolysis in minced mackerel was most influenced by storage temperature if hydrolytic enzymes were not heat-deactivated.
In this study, lipid contents and FA compositions in muscle and in a mixture of muscle and viscera from Korean catfish were examined over the course of a year. In addition, levels of lipid oxidation and hydrolysis in the muscle and in the mixture of muscle and viscera from catfish were determined during refrigerated (2°C) and frozen (-14°C) storage.
Materials and Methods

Materials and reagents.
Live catfish (Silurus asotus; 300-400 g each), aquacultured outdoors (exposed to ambient temperatures) in Jeonju, Korea, were purchased every month or two during September 1999-July 2000 from the same producer. FAME standards were purchased from Nu-Chek-Prep Inc. (Elysian, MN).
Fish sample preparation for analyses for proximate composition and FA composition. Six catfish were used each time. Muscle was recovered from each of three fish, and skin, head, bone, and viscera were discarded. Muscle and viscera (including liver, digestive tract, gallbladder, and storage fat) were collected from each of the other three fish.
To produce a homogeneous sample, the muscle and mixture samples from each fish were minced using a blender (FM860T; Hanil Electronic, Seoul, Korea) for 1 min. The minced samples were placed in plastic cups (3.5 cm internal diameter; 3.8 cm internal height) with screw caps and stored at -40°C until used. Proximate composition analysis and lipid extraction for FA composition analysis were done within a week after mincing.
Proximate composition analysis. Moisture content, crude protein, and crude lipids were determined by an oven-drying method, micro-Kjeldahl method, and Soxhlet extraction, respectively, following AOAC methods (11) . Each value of proximate composition was the mean of measurements for three separate fish.
FA composition analysis. Lipids for FA composition analysis were extracted from the minced catfish samples according to the method described in a previous report (10) . The extracted lipids were transferred to a 20-mL test tube with Teflon cap, flushed with nitrogen, and stored at −40°C. FAME were prepared using 0.5 g fish lipids according to AOCS Method Ce 2-66 (12). Hexane containing FAME was transferred into a 4-mL vial with a Teflon cap, flushed with nitrogen and stored at -40°C until analysis by GLC. FAME were analyzed using GLC as described in a previous report (13) . Each value of FA composition was the mean of measurements for three separate fish.
Fish sample preparation for lipid oxidation and hydrolysis measurements. Catfish caught in December 1999 were used for analyses of PV, thiobarbituric acid (TBA) value, and FFA. Muscle collected from 50 catfish was minced and mixed together. Minced muscle was divided into three portions. Ascorbic acid (0.5% on the basis of fish sample weight) was mixed into one of the portions. Patties (40 g, 4 cm diameter) were prepared with the minced fish muscle with and without ascorbic acid. Separately, muscle and viscera were collected from 15 catfish. The mixture of muscle and viscera was minced. Patties were prepared from the minced mixture of muscle and viscera in the same manner as with the muscle. The patties prepared from one portion of minced muscle without ascorbic acid, the muscle patties with ascorbic acid, and the mixture patties were stored at 2°C for 12 d. The patties from the other portion of minced muscle without ascorbic acid were stored at −14°C for 9 wk. The patties were stored open to the air on a plate covered with aluminum foil.
Measurements of PV, TBA value, and FFA content. Three patties of each sample were taken for each measurement of PV, TBA value, and FFA content on every third day for the samples stored at 2°C and every week or two for the sample stored at -14°C. PV, TBA value, and FFA content were determined by AOCS Method Cd 8-53 (12) and the methods of Lemon (14) and Ke and Woyewoda (15) , respectively, with minor modifications suggested by Hwang and Regenstein (7).
Statistical analysis. Values of lipid contents and FA compositions between the muscle and the mixture of muscle and viscera were compared by a paired two-tailed t-test at  = 0.05.
Results and Discussion
Proximate composition of catfish. Lipid contents of catfish muscle ranged from 2.5% (w/w) to 3.8% (Table 1) . Incorporation of viscera into the muscle increased the lipid content (4.5-5.9%) significantly ( = 0.05). Winter catfish samples showed slightly higher lipid contents than summer samples without statistical significance (Table 1) . Seasonal variation of lipid contents in catfish was not as distinct as that observed in fatty saltwater fish. For comparison, Leu et al. (6) reported that lipid contents in mackerel varied with season, ranging 3.8-13.4% in light muscle, 7.5-19.1% in dark muscle, and 13.7-23.7% in belly flap with higher lipid contents with approaching winter. Moisture and protein contents in catfish were significantly ( = 0.05) higher in the muscle than in the mixture ( Table 1 ). The minimal seasonal variation of lipid contents in catfish was consistent with the previous reports by Nettleton et al. (2) and Mustafa and Medeiros (8). FA composition of catfish lipids. Major FA of catfish muscle lipids were oleic acid [27-31% (w/w) of total FA], palmitic acid (19-22%), and linoleic acid (11-14%) ( Table 2) . EPA and DHA were 2.7-3.7% (w/w) and 4.4-9.4%, respectively, in catfish muscle. These data indicate that catfish are a good source of n-3 FA, although the contents of EPA and DHA in catfish were lower than those in mackerel; Hwang and Regenstein (10) reported that mackerel lipids contained 4-5% EPA and 8-10% DHA. Incorporation of viscera into the muscle resulted in a significant reduction ( = 0.05) of oleic acid (24-29%) and palmitic acid (19-22%) and increase of EPA (3.0-4.1%) and DHA (5.4-10.8%) ( Table 3) . Linoleic acid did not show a significant difference between the muscle and the mixture ( = 0.05). No pattern of seasonal variation in FA composition of catfish lipids was apparent, although the November and December samples were a little higher in EPA (3.0-3.5%) and DHA (8.1-10.8%) (Tables 2, 3 ). Although no significant difference ( = 0.05) was observed in the levels of total saturated FA between the muscle (28.5%) and the mixture of muscle and viscera (28.8%), total monounsaturated FA levels significantly decreased (45.3% vs. 42.5%) and total PUFA levels increased with the incorporation of viscera (25.2 vs. 27.6%).
Lipid oxidation and hydrolysis in minced catfish. Lipid oxidation was determined by PV and TBA values. PV of minced catfish muscle reached its highest value on day 9 during the refrigerated storage at 2°C (Fig. 1) . TBA values of the minced muscle increased continuously during the 12-d storage at 2°C (Figure 2) . TBA values of the minced samples stored at 2°C were not measured after 12 d since in practical use minced fish may not be stored more than a week at a refrigerated temperature. The drop in PV on day 12 was likely due to a faster rate of decomposition of peroxides than of their production, rather than to a complete cessation of oxidation. Incorporation of viscera into the muscle showed higher PV and TBA values, presumably mainly due to the higher content (Table 1) and polyunsaturation (Tables 2, 3 ) of the lipids in the mixture of muscle and viscera than in those of muscle in catfish. Addition of ascorbic acid markedly retarded lipid oxidation in the catfish muscle mince as shown in Figures 1 and 2 . Hwang and Regenstein (7) reported ascorbic acid also had strong antioxidant activity on minced menhaden lipids in comparison with various commercial antioxidant products containing tocopherols, rosemary extracts, citric acid, and TBHQ. Frozen storage at -14°C reduced lipid oxidation in the catfish muscle mince as shown in Figures  1 and 2 , although lipid oxidation in minced catfish continuously increased during a long-term frozen storage: PV and TBA values were 1.19 ± 0.06 mequiv peroxide/kg sample and 0.38 ± 0.01 μmol malonaldehyde/g sample, respectively, at the ninth week during the frozen storage (figures are not shown). Hwang and Regenstein (7) suggested a combination of vacuum packaging with frozen storage as the best way to protect lipids in fatty fish from oxidation. FFA in minced catfish muscle increased with time during the 2°C storage ( Figure 3) . Incorporation of viscera into muscle greatly accelerated FFA production during refrigerated storage. This indicates that lipolytic enzymes were more abundant in viscera than in muscle, considering that FFA in fish are largely produced from lipids by hydrolytic enzymes present in muscle and viscera (16) . The catfish muscle with ascorbic acid showed higher FFA values compared with the similar sample without ascorbic acid (Figure 3) . The higher FFA values in the sample to which ascorbic acid was added might have resulted from the acidity of the added ascorbic acid. Frozen storage lowered FFA production in catfish (Fig. 3) , although lipolytic enzymes in fish have been known to be active even at -20°C (17) . In this study, FFA were continuously produced during the -14°C storage and reached 11.7 ± 1.2 μmol/g sample at the 
